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^-vl 1/ 



u'^jy (Pgn) , vT-v> (Cyn) , f^7^-y> (Dpn) <DMte 
T*&oT. atfeMHX H X . P g/ p g . c y/c y . Dp / d p £ fflv ^ ^ 

rf^V (Pgn) , vT--;> (Cyn) , ^7^^/ (Dpn) Oitfc 
^mc^^K^^»7\fiM. SlitM^ii^&oT^ IfslD/d • E/e • H 
XflX " p g/P g'Cy/cy Dp/dp^V\ ffcttfe* fcmir Z^m. 

[mum. 3 ] ft^msm^m^ ( i ) <7)7 7 *7^ k£^j& k §s# l > 
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Dpfclp) 



CD 



Pgn Cyn Dpn 



(£CLT\ HT, hF, HD, r2, H0(i, 7 9 *V K^flfc<0 HulEWt? 
OB^07jcm^^M1-^^5:itf5T-^^-ro HT, hF, HD, hZ n hO^ 
5 ^(OmttlLmttte, 77*V^K3'-tKD^y7-lf (F3'H) t77 
*WK3\ S'-tKn^-if (F3\ 5 ' H) ^ WtL3 'fiOTfc 
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t3\ 5'ttO*aMfc«rt0fl«. i0 5oo«»irJtfe^o*Efrft|± % ff£ 
^ T\ F, D, Z. 04^*Ett-C*J:v» o Pg/pg, Cy/cyiJl 
tfDp/dptt, Pgn, Cyn, Dp n^Mlci^yK Kn 7 7*7 
-*y (D F R) , *^V>|i7VhyT-^>y>^^ (LDOX 

[W^6] ^«rftffl*f i^EfejteMXEoa*^**^^-^ fc 0 

[0 0 0 1] 
[0 0 0 2] . 

[t»o&#] 

T>hy7->iii77*v^ YK&m<D-m.x-*>*) , m*>fc mm, ** 
wjiu #J:#*:^«f©«ait^ mum, 1 9 

84^9^: 170-172) o 
[0 0 0 3] 

7?#S-n,Wm& (flavonol glycoside) 
* (f 1 a v o n o i d) *»<^ ft*. 

*Sm-t*b. mn (sugar) fcT^;a>« (ag 1 ycone) X*$>Z> 
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tmm> 1 9 8 4^9.H : 1 5 5- 1 8 5) 0 
[0 0 0 4] 

7>>vT-^> (anthocyanidin) ifte, fg^^K&^T. 
7W> (f 1 a v anone) -C**^»;v^> (na r i ngen i n 

— « (f lavonoid 3*-hy d r oxy 1 a s e, F3\ 5'H*fc 

«f 3 • h) vftmtzx >#»oBnic*aat*«Mic i m^l*.* 

y*7*-r (e r i od i c t yo 1) , Jlfc 2«frfrLfc*<:/*/W 

KD^y77A7 > (pentahydroxyf lavanone) ^03^ 

03-feKn+w*(fl, VO noid 3 - h y d r o x y 1 a s e 
. F3H) «^t^Knt>7xn^-^ (d i hydrokaempf 
erol) ^WXamZfL, i#L#aMtfcft oT , I{; 7 7*V^ K3'-t K 

^ (dihydroquercetin), JEfc 2«frfrLfc^fc Kn^j* 
^(dihydroquercetin) ^S*S2*$*i& £ t h *LTV» 
*o £03«0^ ^7?*^* (dihydrokaempfero K 
dihydroquercetin, dihydr o m y r i c e t i n) ^ 
tKH77*7^V^^Hf (dihydr of 1 avono 1 redu 
ctase, DFR) ^^>Fv7^^^^ (anthocyan 
id in synthase, LDOXf AI1AS) ^ffl^tT, f*i-P*L 
^^-^ (P e 1 a r go n i d i n, Pgn) , y 7 -y> ( c y 
id in, Cyn) , r»7<-V> ( d e 1 p h i n i d i n , Dpn) ^ 

[0 0 0 5] 

(Pgn) '^>^*#fetlU B*©3\ 4'feK*I 



a n 
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#12 0 0 3-1 4 4 4 0 6 

*«^^liy7,^> ( C yn) «^Efe^I U B *03' 
4\ 5'ttfc^^«*** ott ^ 7 ,^ (Dpn) 

^*Mitt : »fWfe5t, i 9 9 8^5£ : 2 5-3 2) 0 

[0 0 0 6] 

£ttfeo«u i*or^*o^U7^'>T->i (an t hoc y a 
+*KX*y*>r (stacking) Ut^^p (tffeft) ( 

a*m=er*>HM. intermodular cop igme nt 

) , 4tt?fc|Wt*£!:l:ioT«ft«i (Wfeft) -j-*** 

me t a 1 - c omp 1 e x a t i o n) , Wor ^ 

^ffUB, intramolecular copigment),^ 

IW*4, Goto, T. et al. : A n g e w. Chem. Int. Ed 
• Engl. , 3 0 : 1 7-3 3, 1 9 9 1) . 
[0 0 0 7] 

:pp 2 1 9-2 7 2 )o ^ 79 ^ KMffcH-MlEftaisa 
0**r#R***LTV>4# % t*L*tt*-/i, (B e a 1 e, 1 9 4 5) o*** 
l«HFl«li(oae gene-one enzyme theory) 
C^<^**.*op fcU , (Pelargonium x 

h o r t o r urn) K*<OT> Yi,T-*J>ik*&tzZtt^ y k KD 75^ 
y-,w;^^? (DpR) ^^^^^^^ (LDOXi 

fcttAS) OWmft«iE 1 /e 1 *^E 2 / e2 t« EU «fi»79 
**&Lfc*fe6r** (8WWfcfc*6, ***!Ift: 4 8:169- 

1 7 6, 1 9 9 8) 0 
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[0 0 0 8] 

tits ^^~T (Petunia) <DftX«l*, Ht^Ht 2^2»»*» 
77*V^K3'-tKn^>7^ (F3'H) H f 2 H f 2 o 2 «SP 
#7?#y>fK3\ 5'-tKD^^ (F3\ 5 • H) ^j« t ^^ 
^tv>M«i7,Holton, T. A. et al. :The P 
lant 0611, 7:1071-1083, 1995)0 
[0 0 0 9] 

^f^T^ii, 77*V^fK3'-tKn + y7-b* (F3'H) 
t7W^K3\ 5'-KKn^ 9 -* (P3\ 5'H) OB 

-m*irimz%ifT^zt<Dmms$>z mm*Ms* h 0 1 1 on , t. 

A ' e t 3 1 ' :Na * u r e > 3 6 6 : 2 7 6 -2 7 9) 0 *§£®K±Z>tt 
[0 0 10] 

Hies*:, ^a^ro^ii, «e^v^-e^*L-ptL0 2»e^ffi^ (H 

t 2 , Ht 2 H7^f/^ KB*03'fi:07KiMk»c|W#U Hf b Hf 2 tt 

^^^ffiHtt^B^^^^ofcft^owa^^** (*Hm&R9* Gri 

esbach, R. J. :J . Heredit. , 8 7:2 4 1 -2 4 5, 1 9 
9 6) o 

[0 0 11] 

Kttt * *£tt CiAi^ * fc* fc, fcfc * 91* « WM 
T*4***lTftfc »ttl0, Voss, D. H. iHortSci. 
* 27:1256-126 0, 1 9 9 2) 0 

[0 0 12] 
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ftfe (f 1 owe r color)li, fegfh Sfcli, -feUff (color 
ime t e r) KZ. & C I E L a b*fe*Srfflv^M^^*#±«Kfc fcfc 
o ^^Hltt (color attribute), -fe^g ( 

hue),|f (brightness),|f|(chroma) £=#Dntf>:£ 
ti&NI&tt* (three dimentional global colo 
r chart) , oi^ fe2l#fc U#x.^^O^ ^SB^©^ (h u 
e difference) i±, fcBR^&fcLfcfe<3il£IE*il::Klft-$-& (## 
Sr^flU 1, Go nn e t, J. F. IFood Chem. , 6 3:409- 

4 1 5, 1 9 9 8) o Lft#ot, 7&fe&M5t, o£ OfflfeLT, fttffcfc^ 

(»ttl 2, Hashimoto, F. 
et a 1 . IJ. Soc. Hort. S c i . , 69:428-434, 20 
00 ;mMl3, Has h imo to, F. et a 1. : B i o s c i 
• Biotechnol. Biochem. , 2 0 0 2^, §664 P. 16 

5 2- 1 6 5 9) o 

[0 0 13] 

*«>«U fflf5- 1 8 4 3 7 0f (JBIT, 4MWfltli:V»$) K, 75>f; 

K*BMt»*aMs?- (#ir5:m ioi 0001-0002 sm) ©SB***** 

-t»©DNA«l4fcttCODNA«lO«*o«f^-t^rL-CV»&a 
■ft*-** j fcv> (#IWdRlO*0 0 0 4«*) o 

*fW¥i o-ii3i84f mr, «fffj«2iv^) icti, 77*v>f ksb 
mimmmte* mw&m 2 o o o 1 - o o o 8 «*) ©ww***. r v 
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1 -5 0 9 7 3 3* «t T , WWitstv.-)) K«, 

"in, A. F. M. J. : the xxVXth Internation 
al Horticultural Congress and Exhibi 
t ion. 2 0 0 2*. August 11-17, P. 4 7 5-4 7 6) 

M2 0 03-0 2 6 5 98? (H T , fcvi „ fc LT 

ffiKU hA-n^^o^feaejgSEft «KaR4O*0 0 0 1 -0 0 1 

* r8n ' ' sT—-Js (Cyn) , 7Ml>7.f-y> ( 
Dpn) <0*iSK# BU Bfc^ES&Mfcffv^LtoSJft, Fj - F ^ 

«W>*WtKPJ*t* 79 #y^ P s. -^n^j,,^ (F3 , R) 

Vr 'J ' n - KKD + J "-* (F3 ' ' 5' H) »w m( ; tt> 
H , HF, H D, HO e4 ooW ttlfiw#su ;ft6#3 . tt4J;WB 

ft, 5' ft-OMfc 3 ' , 5' ftWsWMt, Sites' fits' 5' 
[0 0 14] 



W5-1 8 4 3 7 0^i (* 23r% ^ 14 ^ H2) 
IWFl 0-113 1 8 4-t^$g (f2I) 
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Wm^l l-5 0 9 7 3 3f^t (*2JC) 
#H 2003-026598^- 

8 4^9^, P. l 7 0-1 7 2 0 

♦ti**, P7?#,>>f KJ , 5c«y»o«Kfit^ «JI|*j& 19 8 4^9 
P. 1 5 5- 1 8 5 0 
3] 

n?EoiW4^J , am **ffc*WA, 19 9 8 

^5J?, P. 2 5-3 2„ 

Goto, T. ^Kondo, T. , TS t r u c u t u r e and Mo 
lecular Stacking of Anthocyanins- Fl 
ower Color Va r i a t i o nj , Angew. Chem. Int 
• Ed. Engl. , 1991^, $3 04 P. 17-33 0 

BmwFxm 5 ] 

3^3^, P. 2 1 9-2 7 2 0 

J * mM&*fe& 1 9 9 8^^484 P. 1 6 9- 1 7 6 0 

Hoi ton, T. A. ^Cornish, E. C. , TG e n e t i c s 
and Biochemistry of Anthocyanin Bios 
ynthes i sj , The Plant Ce 1 M 9 9 |7|, P 
• 1 0 7 1 - 1 0 8 3 0 
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Holtoa, T. A.,t9*;rcionlng and Expres 
sion of Cytochrome P450 Genes Contro 
Ming Flower Colour], Nature, 1 9 9 3^ H3 
6 6=#, p. 2 7 6 -2 7 9 0 

imzmcm. 9 ] 

Griesbach, R. J. , fThe Inheritance of 

Flower Color in Petunia hybrida Vila, 

-U J. Heredity 1 9 9 6^ §8 7^ P. 2 4 1 -2 4 5 0 

im*wa& 1 0 ] 

Voss, D. H. , TColor imeter Measurement 
of Plant Color to the Royal Horticul 
tural Society Colour Chart], HortSci 

* 1 9 9 2^, i2 7f, P. 1 2 5 6- 1 2 6 0 o G o n n e t , J. F. : 
Food Che m. , 63:409-415, 1998o 

Gonnet, J. p. , fC o 1 o r Effects on Co-pi 
^mentation of Anthocyanins revisited 

• I- A Colorimetric Definition Using 
the CIELAB Scalej,Food C h e m. , 1 9 9 8 ^, » 
6 3#, P. 4 o 9-4 1 5 0 

imzwicm 1 2 } 

Hashimoto, F. , * 4 *. fCha r a c t e r i z a t i on 
of Cyanic Flower Color of Delphinium 

Cu 1 t i var sj , J. Soc. Hor t. Sc i. , 2 0 0 0^, * 6 
9^ P. 4 2 8-4 3 4 0 
BMWfcfcfc 1 3 ) 

Hashimoto, F. ,^ 5 ^, Changes of Flower 
Coloration and Sepal Anthocyanins o 
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10/ 



f Cyanic Delphinium Cultivars during 
Flowering], Biosci. Biotechnol. Bioche 
m. , 2 0 0 2^, §6 6^ P. 1 6 5 2-1 6 5 9 0 
mWWfXmi 4] 

Uddin, A. F. M. J. , [Inheritance Mod 

el of Three Major Anthocyanidins in 
Eustoma grandif lorum C u 1 t i v a r s J „ O n - S 
ite Program, the XXVIth International 

Horticultural Congress and Exhibiti 
on, Toronto, Canada, 2 0 0 2^, August 11-17 
, P. 475-476 (SI 9-P- 1 9) 0 
[0 0 15] 

i^iu ? E 2 /e 2^zfttz^7-^&ft&m<om.mz^x%>, mtvfrm 

[0 0 16] 

tt-C#fc*OO^r0^i»catfflT?§«^^^^ C I EL a b^fe£&£-£ 
[0 0 17] 

#3&ei^ tt&m^m^mttWbfrKu ^<o^^c i el a b^-fe 
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[0 0 18] 

ISWS Sr«¥*-f * * <7>^|£] 

^Wt*7 7*V-f K3'-fc KD^v7- t£ (F3'H) ^7^*V^ K3 
\ 5'-t: Kn^y 7 - if (F3\ 5'H) , ftifoatfe^B U 

**1rZVV. h*U7jtf;-)i,vfr??~i£ (DFR) £ itfr > V y7- v >*, 
(LDOXI/:iiAS) WtLPg/pg, Cy 

/< ; y> Dp/d pOitfe^^io-cM^^tLTv^c: £ £#-£t. 7 7*v^f 

K3*-fc: Kn^r*/9- tf (F3'H) ^77*V^K3\ 5 -_ tKn ^ >9 ^ 

« (F3\ 5'h) nmmtt^nm&jLm&PKZvxwmztix^&t^ 

[0 0 19] 

> (Pgn) , ->7^y> (Cyn) , Tfr7 4 -*Jy (Dpn) CD^iC^g 

fctt, Cy nfejR^Httitfenit^llJLfco &ftH&05Wlt # >f 
Pgn, Cyn, ^J:[FDpn &f?f OitfS&C Ii77 *V -f K£ 

&mKmzr> hisT-i?>2L&mvs<)i,x\ p g / Pg , c y / cy , d p 
/apt LXTFZti&ffittmtf, ^tirnK^-r^ z t l£ q 

[0 0 2 0] 

(F3'H) t77*V^fK3\ 5'-fc Kn^y 7 - fe* (F3\ 5'H) 
©**EJS*fctt, HT H F, HD, H Z, HO<7) 5 o«iif^^ 
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[0 0 2 11 

(Pgn) , . >7 _^ (Cyn) ^ r ^ y ^ v> 

n) W^ot, .itfSMHXHX • P g / P g • C y/c y • D p/d p * 
[0 0 2 2] 

yn) , 7n>-7 4-V> ( Dpn) ojtesfetFK^KH toSAaa> Btta[w 
*Bf*oT, IfilD/d • E/ e • HX H X • P g/p g . C y/c y . D 

»*»7-/f./r=? > « WMfc{ „ {PgnK _ >7 ^ (c 

yn) , r»7<* V > ( Dpn) ejg,;,^ P g „, Cy„, Dpnfe 
***W«****»lP,/ pg , Cy/cy, Dp/ d pHT S U 75 

-* (F3-H) t7 WO -3', 5'-EKn + , 5 - € (F ,. ( 5 , H) 
eVXJn&ftafteat. HT H F, H D, H Z, HOcjoWMg, 
•ft*U P«/, gOHete9tiRl , (P«P g . P gPg , PgpgW 
•MWeft-otiRu , Cy/ Cy «WH,rtz:o»«e t (c y c y 

l Cycy - c '° , Dp/D.fwoft 

-^>*>§#:l (Dpd,, opdp, dpdpoa** E ^ <5n _ oS . jKKL) 

l.**' ^ HZ ' H °^^-^iRL (HT H T H 

f' hThD - hThZ ^ ht h o, hf h f, h d h f, hz h f ho 

HF, HD H D, HDHZ, hD H 0, h Z H 0, hOhOo.^. 

•=*a«u , » gaD/d . E/e . hXhX . p g/p g . c y 
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[0 0 2 3] 

[ft 2] 
El 




(I) 



P i^J |^yi [Dp/Hp] 

Pgn qm Dpi 

( " T% H ^ hF * HZ, HO|i, 75#^ Ki^ttlftKT 

©Bfl|0*«fttc»^*«»a:»fe^^i- 0 H T N H F N H D, H z, H o© 
5ooa*taiitte^tt. 77*7 0'3 , -tKD^y7-b* (F3'H) fc7 5 
#>^K3\ 5'-tFo^ (F3\ 5'H) ^ **L«L 3 'ttO* 
■Hk 5'tt©**ffc 3\ 5'tt©*HWk 3\ ££0*3 'ft 

T, F, D, 2, 0&^0*B»-C4J:v» 0 Pg/pg, Cy/cyfei 
TOp/dptl, P gn , Cyn, Dp n©4MCK#nyli Kn 7 7*V 
-/H;*^*-* (D F R) N **v»tt7>h^>V^^ (LDOX 
tfcliAS) ©^WJfci-*»»*^*L«t|c#fti-*£fc^ U D / 

[0 0 2 4] 
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^«a^«*>*»T>h5/T-^>fe*o^9^^-5;> (P gn ) . vT 
(Cyn) , Tfryi-yy (Dpn) (DMfcM. XfK'WM ^ Kl & AM.W. 
, WMo«feT*or, «GaSD/d • E/e • HX H X . p g/p g . Cy 
/c y • Dp/dp £fflv>, Hf^^ffii-^^^M^ifi^T^^o 
[0 0 2 5] 

0 

[0 0 2 6] 

*V^f K**ttfB*K ^ ^ SWB4«*+«JWBII* 

©MMMfcPI (Angiospe rma e) ■?* *K **W*nfcLTR**tt 

•i(Dicotyledoneae), J^MMl (Monocotyle 
d o n e a e) ^Ki~^ 0 

^^tt#,«<7)^^^ (S ymp e t a 1 a e) O^Ei LT, MxJ^ * 
(Campanulatae) (Composi tae) ^ 

(S t y 1 i d i a c e a e) , (G o o d e n 

iaceae),H 3 ^(Ca m panulacae))^-j| (Cue 
ur b i t a 1 e s) (m (Cucurb i t aceae) ) , 7**B ( 
Rubiales) (7yAJ.y^ (D i p s a c a c e a e ) . **:Kx^ 
* (Va 1 e r i ana c e ae) , X^f*X^ (Capr i f o 1 iace 
a eK (R u b i a c e a e) K vyg (Tubif lorae) 

(*y*yvrf# (Ac a n t h a c e a e) , (Lentibul 
ar i aceae) . 4«7^t3«. (Gesner i aceae) > 
(Ma r t yn i a c e ae) , rf^fl. (P e d a 1 i a c e a e ) , 

(Bignoniaceae), rf^/x^jfl. (S c r o p h u 1 a 
r i a c e a e) , ( S o 1 a n a c e a e ) , (L a b i a t a 
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e) , (Verbenaceae) , (Boragin 

aceae), ^'Jy^ ( H y d r o p h y 1 1 a c e a e ) , >^*,j? 
ft (Po 1 emo n i a c e a e) , (Convolvulacea 
e) ) , ^^^fi (Con t or t ae) ^ (A s c 1 e p i a d 

aceae) , (A p o c y n a c e a e ) , y> K ^ ( G 

ent i anaceae) , 7^^|f (L o g a n i a c e a e ) , 
^ (01eaCeae) )> -fV^B (Plumbaginales) 
V7> ^ ( pi ^aginaceae)),t^V^ (Pr imu 1 a 
1 es) (t^y^ (Pr imu 1 aceae) , ^n**** ( My r s 
inaceae) ) , (Ericales) (^(Ericac 

eae) , (P y r 0 1 a c e a e ) ) ,4 7 * * g ( D i a p 

ens i a 1 es) (^^^ (Di apens i aceae) ) , 
K^HIftM^ftSi (Archichla m ydeae)«Ht 
«*tf, ^>* B (My r t i f 1 o r a e) <T*,t** (O n a g r a 
ceae) , J#*v* (M e 1 a s t o m a t a c e a e ) , 7 (M 
yrtacear) , v*>~>^ (C o m b r e t a c e a e ) , ( P 
uni c aceae) , 5y^^ (Lythraceae) , ( E 1 a 

egnaceae) , 5^ 3 ^ # (T h y m e 1 a e a c e a e ) ) , y,< 
*S (Parietales) (^WF^ (Begoniaceae) 
, h*-*y*# (Pass i f 1 or aceae) , n,^*,^* (Cist 
aceae) s (V i o 1 aceae) , (Came 1 1 i a 

ceae) ) , T*4E (Ma 1 va 1 es) (7*** (M a 1 v a c a e a 
e)^^*KElaeocarpaceae)), *n***K* B ( 
Rhamnales) (*K*# (V i t . c • a e> , ^n W * W »(R 
hamnaceae) ) , A^n^g (Sapindales) (y.j 7 *y 9 
* (Ba 1 s ami nac e ae) , hTS*® (Hippocastanac 
eae), (Ac e r ac e ae) , (C e 1 a s t r a c 

eae), W * # (Aquif ol iaceae) , (A n a c a 

r d i ace ae) ) , 7*ny^| ( G e r an i a 1 e s) ( h * *V ^ 
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* (Euphorb i aceae) , W # (Po 1 y ga 1 a c e ae) 
, ^(Rntaceae), Tv» (Linaceae) , 7-)ny^ 
(Ge rani aceae) , (On 1 i daceae) ) , /<5 

B (Resales) (L e g urn i n o s a e), (Rosa 

ceae) , (Hamame 1 i daceaeK (P i t 

tospor aceae) , ( S a x i f ragaceae). * 

>*>fy**f (Crassul aceae) ) , t7^7g (S a r r a c e 
n i a 1 e s) Ofr**^* (S a r r a c e n i a c e a e ) , ***** 
^(Nepenthaceae), (D r o s e r a c e a e 

) ) . *->B (Pap a ve r a 1 e s) (7/7tlf (B r a s s i c a s e 
ae) , 7**»*y** (Cappar i daceae) , ^ ( Papa 
ver aceae) ) , *>#*^ej (R a n u n c u 1 a 1 e s ) (**y* 
* (L a u r a c e a e) % * W ( B e r b e r i d a c e a e) , 
r®r (Ranuncu 1 aceae) . r*-lf*> (Lard i zaba 1 ace 
ae) , (Nymphae aceae) , ^>Wv# (A n n o n 

aceae) , Ws* (Magno 1 i aceae) ) , T *1fB (C e n 
t rospermae) <*-JP*a# (C a r y o p h y 1 1 a c e a e ) . * 
Vn^t*-* (Nyctaginaceae) ) (Polygonal 
e s) (^(Polygonaceae)), 4 vt^M (Urtical 

es) (m(Mor.ceie)),^«B(Myric.le.) ( 
(My r i c a c e a e) ) , T«&& e 

*«W»«0**fcLT,«^ -»> B (Or chi dales) (? > # 
(Orchidaceae) ) , y 3 ^ § (Sc it amine a) (* 

* (Cannae e a e) , * s **r*f (Z i ngi ber aceae) , ^ 

»** (Mus aceae) ), (Liliif lorae) ( T **ff 

(Ir idaceae) , (Am a r y 1 lidaceae),a 

V» (Li 1 i aceae) ) , >W t g (C o mm e 1 i n a 1 e s ) ($ 
(Pont eder i aceae) , WW (Comme 1 i n 

aceae), + (B r o m e 1 i a c e a e K -H-W^a ( A 
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— v 



rales) (tW^ (Araceae) ) , f*4 0 
[0 0 2 7] 

[0 0 2 8] 

^Sjt^OlW, HT H F, H T H D, H T H ZfcH0-o^ B S£ 
©**gfe&*l -3fl*t4^l0fM^ (^-i; yy-y (n a r i n g e n 
i n) , (eriodictyol), ^nf'D^y 

79;V> (Pentahydroxyflavanone) , vt Fn$-> 7 
^n-;v (d i hy d r o k a emp.f e r o 1) „ Kn^x W > ( d 
ihydroquercetin), ^tKD^VW (dihydromy 
r i c e t i n) ) Sr^ftU HT H T^ BS|0*Bfci*»lflt 2fl*^ 
t^iiW^ (tr^(naringenin, * 
(eriodictyol),yk Kn^> 7 xn^ (d i hy d r 
okaempf ero 1) . ^Kn^ ;Hrf> (dihydroquerc 
e t i n) ) *£*U HFhF©^ B^O*^* l «^ *Z*©|MB • 
ft** (nar i ngen i n) , ^ W > 7 xD^ ( d 

ihydrokaempferol)) *£jftU HD H FtHD H D^ 
B«©*«|fe*3fl*-r*z:*Oir(riE^» (^^Kn^> 79 ;v> (p 
entahydroxyflavanone) , Kn$ U-trf-V (d i h y 
dromyr i ce t i n) ) *SuftU HD H Z, H Z H Z^ Bio* 
^ f 3fi|ft5ZiOfI^ K/^Kn^>75;V> ( p e n t a 
hydroxyflavanoneK ^Kn^'j-bfV (dihydrom 
7 r i c e t i n) ) *&&+* 0 anthocyanin synth 

a s e4«Wi:44Pg/p *©»fe**©fc«>, *tt**9 (pgpg 
) fcJ&ftLfc***:^ ffi|gft*ttr t LT, *y (n a r i n g e n i 
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^-v: 18/ 



n) *JtfS>l£ KD^>7iD^ (dihydrokaempferol) * 

t&MOitfrfE^t? (xn^ (eriodictyol)^ 
>*fc: KD^y7W> (Pentahydroxyflavanone) „ 
Kn^xw > (d i h y d r o q u e r c e t in) „ 5?tKn^J-fe 
(dihydromyricetin)) £&J&1-£ 0 
[0 0 2 9] 

HT (Dtt&mttii, ±V >*=.y (naringenin) K 
^^t-V^x^-^ (eriodictyol) Kn^-> 7 xn 
-JV (dihydrokaempferol) i^yt Kn^ x;Hrf > (d i 
hydroquercetin) ^0&ft3fefl9Safe£«»U H F OM&fcitt 
l± N < xij^-t'^ ^-r^ ^-w.^ (eriodictyol) t Fn^v 

7 ^ /V ^ (pentahydroxyflavanone) Kn^ 
x.;v-fe^;/ (dihydroquercet in) v^fc Ktt ^ ij -trf-> ( 

dihydromyricetin) ^<D3Llt¥M%Z&ZMmir & Q t£oT, H 
F <W£iti£^R±, (eriodictyol) tyt 

Kn^xw> (dihydroquercet in) OlMrlE^'frW^qj^E L 

(naringenin) ^^>nKnify77^7 > (pentahyd 
roxyflavanone) t^C^t Fn^^7xD^ (d i h y d r o 
kaempferoDHyt Kn5'Hf> (dihydromyrice 

t i n) ^<o$Lft¥to2m*mmi-&i>K zvtt&mfc*^ 

* t Kn^^77/V > (pentahydroxyflavanone) tfz 
f±5>fc Kn^ V-fe-^-v (dihydromyricetin) ^mfc* & Z- bifi 
**T**o J5fc, HZo#aatfe^tt, > (naringenin 

) H^/^KD^>77/V7 (pentahydroxyflavano 
n e) &Tf\Z*J\> Yu^-yy^u-)V (d i hy d r o k a emp f e r o l) 

(dihydromyricetin) ^O^b^6«J^ 
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(eriodictyol) fcJ:^ ^Kn^ W > (dihydroq 
u e r c e t i n) ^JfcfcU MC^^^^t Kd^>7^ 7> (p e 
ntahydroxyflavanone) *J:t^ ^Kn5.j^> ( d ; 
hydr omyr i c e t i n) t fc***^*,, ^ oT ^ uF(D 

tt&*m-ttt*&A,t>^ WmU'itfOt^-^ (e r i o 
dictyol) ^Kn^ W , (dihydroquerce 

t i n) WtU**,^ HZHFota^ tt»tLTBlO*ii 

*2-3**f *H«otMreft^ c*';*^***- * (eriodict 

7 0 1) , ^^K D ,, 7W> (Pentahydroxyf lava 

none) , ^Kn^x W > (dihydroquercet in) * 

KKD5V * f> (di hydr omyr i ce t in) ) 
[0 0 3 0] 

ftor, HDHDfl, HD H F E H D H Z M> H Z H F* H Z H Zfl 0 » 

* p g /p g «i (Pgpg*fcttp gpg) noTi Pgntt44 

1 ^ " ~ ; ^ (n a r i n g e n i n) jj^rc 

V^f^r^-;V (eriodictyol) ^>nKD + y 7 ^ V 

>(pentahydroxyflavanone) t^Kn^ 7zn 
Cd i h y d r o k a emp h e r o 1) ^fe^t Kn^x ;H:f> (d . 
hydroquercet in) t^Kn^ jW (di hydr omyr 
i c e t i n) ^^T04»|^ itSo h0 W £«*R±, Ito 
Boo****** ( H T H F, H D, H Z) CTL T, mftMl|tc 

[0 0 3 1] 

F Pg-CyCyDpDp, H TjfD p g-CyCyDpDp, H T H Z Pg _ 

CyCyDpDptHO-Pg-CyCyDpDp^PgnCynDp 
nim^m. oH THTp g _ CyCyDpDptpgnCyn ^ 

#**fc^»* 0 HTjjFp gp gCyCyDpDp, HT H D pgpgCy 
CyDpDp, HT H Z pgpgCyCyDpDptH0 _ pgpgCyCyD 
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pDp-CCynDpnaWiim*. H F H F P g - C y C y D p D p 
tPgl^^^^o HT H T pgpgCyCyDpDptCyn ^ 

#*^T^* 0 H D H F — CyCyDpDp. HD H Z__ CyCyDp 

D P< hHD H D CyCyDpDptDpnl^^H^I^ HFhF 

PgpgCyCyDpDptfim^tm^ ttz, Dpnl^fi 
«KI*^f-JHfcT>f5,T=^^**v^^y> (ma 1 v i d i n, M 
v) t^x.-z/> (p e t u n i d i n, P t) * 0 jg^ C 

7 nS^ilUp^ f MtT ^ y T^y >t^^t^y > (peon 
i d i n, Pn) ^tf^^^> 0 i> t [-^j t {±> T > h *, r - 3,5,5 
^<*i4^:ii«t, ft*, PgnDpnllif^^ 

[0 0 3 2] 

*»Wfc*v>T, Mx.^ h;^^ 3 ^^ ttM(:oV)T ^ pgn 

■Cft*o PgnCynIt% 

P g nlt% gfcfcfe, e>-^ fij^ ^V-Afe, e^^s- 

Dpnflf, «fetft4Ck^i 4o None! (HF H F pg 
PgCyCyDpDpOlfKl) i t &X~% £ c 

[0 0 3 3] 

«m§k*v*t\ x^-fe^^f^ i{:oV5t ^ hTh t 

Pg-CyCyDpDpfPgnCynatftiCtm*. HT H F p gp 
gCyCyDpDp, H T H D p g p g C y C y D p D p t H O - p g p g c y 

CyDpDptCynDpnamtfcm*. HT H T p gp gCy Cy 
DpDptCynflmcitm*. H^H F CyCyDpDptHD 
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H ° CyCyDpDpTDpnSmifcm*. HF H F pgpgC 
^*£<*4*WB©£fc*»*- 0 PgnDpnlli^ 

d P n a v&mmmm k tt * + , Ht rnyr^y^v^^ (ma 

Ividin, Mv) b«**.^*J> (petunidin, Pt) ***** 
£*L*>{i, V^fttDp nflOftiJlSHlKfttSft*. IK, Cy 
nl^IiSlp^^H^^^^.^^^^^,^ (p e o n i 
din, Pn) **tr**#**^ i*t*iC y naofe*^^^^^ 

o 

[0 0 3 4] 

> HT H T p gp gCyCyDpDp-eCy nMZ&Z Z ttf-?£ Z> 0 HT H F 
PgpgCyCyDpDp. H^HOp gp gCyCyDpDp, H 0 H Op g 
PgCyCyDpDp, tCynDpnl^i^tiS 0 HF H F pgp 
«CyCyDpDpT?a^£ fcm4o £^ ffi^j 7 >fy 
T^^>^<^^it^ to ^ PgnDpnlli 

nvliKD77^-;n j o^^ (D F R) , V »ttT > h *sT-*J> 
(LDOXifeliAS) ^«SKRt«l^il^ttO*tffl (p 
gpg) fc*oTV**fcje>fc, Pgnfe|«$^ v > 0 
D p nl^^ii « * ^ Mtr ^ h 3, T - „ ^ ^ ^ ^ y ^ (m a 

Ividin, Mv) b«**.*i» (petunidin, Pt) ***** 

nS^ffaitii^;^^^^^^^^^^ (p e o n i 
din. Pn) *#***#**#, ^f,li C y nI^SHa i( ;^ §tL 
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[0 0 3 5] 

n v f^7^(High P e r f o r m a 
nee Liquid Chromatography, HPLC) 
™ 7 * h * 7 - ^ * * »#f + & o e «t^S3t ** 0 ft L T|# ft *L£ttfto ft 
fcfflfcov>T, «tt**ffl, «ttA f n S> ^tt*-=6ffl*^U 
ftfcS ^ U *^Efe * g ft i * t^ffi * £ o -c g * Xfi^t. & * o 
[0 0 3 6] 

immm i ] 

0. 5~2*RSg*Bfcfc*fc ( 0 . 5-2N HC1) £}&Dx.> 7>fy7->fe 
**»flJL7to »tttt*M*ilftfe ltov^9 5~10 0WDiLtt 

y 7*7>y< ;^-T»im ItC^THPL CSSftfcTfltff Lfco 
[0 0 3 7] 

HPLC«^J; Wgffi ( t SnWEHO^rtt (Uddin, e t 
a 1 . : J . Japan. Soc. Hort. Sci. , 71:40-47, 2 

oo2) tm^fto 

[0 0 3 8] 

HPLC^nvhft-fH, 3l07Vh^7^ -?%t>%, 
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23/ 



gn) , y7-y> (Cyn) , r&7 4-i?y (Dpn) *>£fcf-*Tiii»£ l 
0 0%fcLfc o (Pn) , ^a.-^^ (p t ) i^O^;]^ 

-f*> (Mv) **tr»*tt, i*te»oe-^ffi«*P gn , Cyn, Dpn-. 

[0 0 3 9] 

T*Efe*WSSLfc 0 m&m±, C I E L a bXfefcfcffiv^ a£&fH»J:0r a £ 

AlWBRO^rtt (Wang, et a 1 . : J . Plant Res. 
, 114:33-43, 2001) Zm^tto 
[0 0 4 0] 

^^^^ O;^K*«0 ©o^^Vt^n (CynDpnfell 
3111) , ^*-n-X (PgnCynDpnffiil) , 
IC (PgnCynfefiii) ^3p° n i (Fiifrft) £^V>T, £SifcJ:*F2 
ttft©****^ llcSSLfco tfcflMMc. n-fw^u, 

h (CynDpnfefgil) , 3**-n-X (PgnCynDpnfelil 
S) , feiWm (PgnCynfeliU) O 3 p n n i (Fiiltft) £JB 
v>T, 2„ a ««c0iE^^t'J:^F l 1ti:ftO^|^p^ *©tt***2 fcj*L 
tz 0 nn;w^tl/>H (CynDpnfeiM) , 5y*-n 

-X (PgnCy nDp n6X$^S) , $>-ffr<7>U. (PgnCynfe 

[0 0 4 1] 
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[111] 



mi 



CynDpn 15 ddeeH"% F igjgCyCyD p!Dp 2 

J* » ^S%%-CyCyl>pDp 3 

*»* 3 <^H%Ip^CyOyDpDp 1 

PgaCyn 142. dd^HTHTpgPgCyCy^^p j 



0.893 



1.000 



[0 0 4 2] 



[as 2] 



Fj t*l'^«> 



mm® 



♦PO.05 



dd»H T H»Pg- CyCyJJpDp ' 
CynDpn 63 dteHO-fgpgCyCyKpDp £ 3 

ddeeH T H I) pgj S CyC^)pDp 
^ 45 ddwH^HP- CyCyBpDp a 

ddeeH J> H T PsiaCi'CyPpDp 
PguC?yn 105 dd^H%Tp & . CyCyPpPp X 

10 0 4 3] 

«1*J:0»2*^ ^t;WHtW; f(idd e eHO H D p gp gCy 
CyDpDp«)ft«ifiaCC*5, 5^-n^ttddeeHT H 'Ppgpg 
CyCyDpDp Ofeilfilt^ I? N *f J^Oitttt ddeeHT H Tp gPg 
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w^^niiii ^y^ u ^ximm^ ^-r^mm^^/z 

o il^nonefelliiii, 67E£^1- 0 

[0 0 4 4] 

[0 0 4 5] 

[^3] 

C£D3B*7E (ddeeHTH^paCyC^CpDp^ <J? 2 > £ £ ^^^^ 

CynDpu u dd^Hli^KpgCyCyDpDp t 1.811* 0.404 



P&1t * 4 «aeeH%% & -CyCyDpI>p 3 0.771* 0 380 

™* H dd W H%J^CyCyI>pDp 1 

G£D3Ba 5 FCda W H%%gi fe CjCj rI > p l>p ) ^ g g (Pgfe j. 41irt<ofl- 

%Tt 76 dd»H%Fp s pg iC yCs'DpI>p 1 . L0 00 

<&D3BtfiB (tt^W^Dl^te <Fgfc <fc Fg> «>M& * *f»tt«>dtt 

*"* 31 *i»H%%ieCyCs-I)pDp 1 - 1.000 

J5ASH16B CddeeHpHOESpsCyqrDpDp^gg (Pgis *t*Fg> flj^Jfife *Sm«*>#Slfc 

CyTj>p71 » ^HpH^CyCyDpDp 1 . looo 

J5AiH13CE Cdd^HpH^pgp.CyCyDpE^^^ (Fgi* * tfFg) 

CynDpu 39 ddeeHP.p^CyCyDpDp 3 0.491* 



DPU 16 Ofl^tl-H^psp-CyCyDpDp 1 

JSAiHllOClA (dd^H^H^psBgCyCj'DpDp^gE {Fgfc * j. afl^^ 

Dpa 24 «MeeHl>Hl>ie5 S CyCyi'pI>p 1 

WlC3BlllY(d ) fceHTHTp g j fe CyCyDpDp^ CFgfc <fctfFg> eggfe * af&f*D3« 

[0 0 4 6] — — 



0.484 



1.000 



1.000 
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Mtf^P gnti^W^WiaT, G2D3B25FMI (frfe 
, Sfrfe, ^-Afe, t^litT^^fe^ t#3to ddeeHT H T pgp 
g C y C y D p D p&Xftfia*fe C y nfe*©* *fe*«a It 
62D3B27YWt(S#ft, *fctt*>*fto;|6) ddeeH F H 

F PgpgCyCyDpD P feiIfElHfei^<tU^noneIi:L 
T\ G2D3B26BM (^) ** fco d d e e H O H O p g p g c y c y 

D P D p^Xi^a^^ C y n D p nfe*ttt&fe^ t Lt J 5A2 
H16B** ddeeHD H D pgpgCyCyDpD 

pft«a*«,Dp nft*«* W4ii«8H|fc Lt, J5A2H110 
CU ^ ddeeHT H T PgPgCyCyDpDp ^ 

tit»?»P g nCyn^miiaittT, W1C3B1 1 1 Y 

[0 0 4 7] 

C^MM 4 ] 

[0 0 4 8] 

[3*4] 



F3I1A2D1 (Fj) « B ft (X^^ffi. 1.536; Jfi^fg, 0.674) 

F3I1A2DIA 40 . 5 8 JJtJ „ Tr 7„w 

F3I1A2D1B ,, ddEEH^fjFpg - CyCyDpDp 

F311A2D1C 9 100 . . c^HFHFpg.CyCyDp^ 

F3I1A2D1D 3 ddEEH^H^pgpgCyCyDpDp 



35.0 54-.+ 

35.3 51.4 

74.6 1S.4 

82.7 9.3 



-28.1 
-282 
13.7 
91.7 
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h ^ 3 ^ G4 I5A3I1F4 (CynDpnm **fe*>;fe) 
> A13B1B3I4 (PgnCy n-feJfcSL „ G2D3B2I5C 

3 3 (P g n C y nfefl, *feO^E) , G2D3B2I5C3A (Cy nfeU 
*fe©*E) , I 5 A 2 1 I 3 F 1 2 (Dp nfefcJBL , G 2 D 

3B2I5C36 (Pgnfefl, SJIfeO^E) , G2D3B2I5C37 (n 

[0 0 5 0] 

[HE5] 



Pg<%}Cy(%) Dp (%) 



1* C* 



h 



G4I5A3I1F4 34 

A1CSB1B3I4 96 

G2D3B2I5C33 8 

G2D3B2I5C3A 1 

ISA2H1I3F12 13 

G2D3B2I5C36 23 

G2DSB2I5C37 5 



92.1 7.7 
98.4 1.6 
100 

100 



669 30B tMeelPH^gpgCyCyDpDp 

- £MeeH% T PgP£CyCyDpDp 
ddeeH T H T Pgi^C3yCyDpDp 

- dteeH% T pgpgC$CyDpDp 
100 ddeeH^DpgpgCyCyDpDp 

- ddeeH F H F P§P^yCyDpDp 

- ddeeH F H F pgpgCyCyDppp 



64.0 34jfi -31.0 
40.6 56.4 -4.7 
60.6 29.4 -4.3 
46.4 482 - 10.7 

25.1 77.7 -28 JS 
86.4 65 885 
87.0 10.7 114.2 



[0 0 5 1] 

*t?*«. ^mmmmit, vvr*Lfc**fi-c* 0 fc 0 G4i5A3iiF4£i 

5A2 1 I 3F 1 2©2Mli, &aMU&£tt£»Wt? fcfcHfc&r, -fe*B£l 

(h) -3i. oi-28. 8mx~mm%m*mu to^nmm^^ 

©frCfcofc. AlC3BlB3I4tG2D3B2I5C3302»i, « 
*H*>&?\ (-4. It- A. 3£) ^<7) 

*fe*«IOft-C*ofc. LH,A1C3B1B3I 4»«ttiU 
**S^C*0|t#G2D3B2I5C3 3*ttHJfc^ K«2flW>5 6. 4 

G2D3B2I5C3 3#*to*v^<0*E-c*ofc, G 2 D 3 B 2 I 5 
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^-v : 28/ 



C3 6 (PgnfeU) (OteMftte, 8 8. 3«£^U Mttn^&X^^tz 

A-feO^Ei: LTiHB3*ifc 0 £;ftT^>& G2D3B2I5C3 7 mm^^Mit 
114. 2IBi ^If-fe^^-e^o/io iOC*co^il(il 0. 7ti&v> 

[0 0 5 2] 

[**«6] 

^3^b-)OG2D3B2 I 5C3 1 (PgnCynDpn«m 
mm&<Dm , G2D3B2ISC32 (PgnCynDpnfeflll, *6 
<0*E) > G2D3B2I5C34 (PgnCy n6X&9gSL SSMfffeOft) . G 
2D3B2. I5C35 (Pg nfe**3SU S*feO?E) . G2D3B2I5C 
3 8 (C y n D p nfe*$ESI, 6&<7);fE) , G2D3B2I5C39 (Cyn 
Dpnfeflll, I5A21I3F11 (CynDpnfeli 

SSL m^<om . A1C3B1B3 IMA (PgnCynDpn^H 
, , A1C3B1B3 I MB (PgnCy nfefiSi, #fe<^^ 

) . I 5 A 2 1 I 3 FMA (PgnCynDp n-fe^SliU $tfe<Z>:fE) , I 5 
A 2 1 I 3FMB (CynDpnfeiiis;t«) , I5A21I3FM 

c (Dp nfetgai, m&<7>m <o \ 2^2 9 swcov^t, 

[0 0 5 3] 
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[*6I 



mm ^£5S2S*2S£ 



FgC%)Cy <9&) Dp C36) fefeStfeS! 



G2D3B2I5C3 1 




-u.U 


67 „S 








72 J 


G2D3B2I5C34 


9 


34.7 


64.1 


G2D3B2ISC35 


4 


100 




G2D3B2I5C3S 


4 




823 


G2D3B2I5C39 


7 


• 


79.7 


I5A2H1I3F1I 


31 




7.6 


A1C3B1B3IM& 


46 


3S.2 


673 


A1C3B1B3IMB 


45 


8S.6 


11.4 


I5A2H1I3FMA 


42 




11.7 


I5A2HU3FMB 


43 




S.4 


I5A2H1I3FMC 


39 






[0 0 5 4] 



L* C* ft 



ddeeH T H T Pg - CyCyDpDp 
ddeeHWpg- CyCyDpDp 



17.7 



- ddBeH T H T Pg- CyCyDpDp 
85.5 ddeeHTHBpg.q^DpDp 

iddBBH°H jr Pg - CyCyDpDp 
90-5 ddeeHTHOpgpgCyCyDpDp 
t ddeefpH^pgpgCyCyDpDp 
100 dde^H F -- CyCyDpDp 



51.8 37.8 -18.7 

75.3 6 5 286 

50.4 75 555 
633 233 4.4 
846 8.5 973 
54.0 34.6 -22,1 
25.0 763 -2S.0 

533 45.4 -18.4 
66.7 323 -S3 
305 752 -32.0 

303 752 -323 

32.4 71.6 -34.0 



oG2D3B2I5C31 (PgnCynDpnftM, , A1C 

3B1B3 IMA (PgnCynDpnfeU, MfeOTg) ©2«tor>h 

• G2D3B2I5C32 (PgnCynDpnfeW, e* 

*tt, G2D3B2I5C3 1, A 1 C 3 B 1 B 3 I MA*Rfc n*****fi 
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